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ABSTRACT

This study focuses on the use of Lange couplers in
the design of passive recursive and transversal filters in the
microwave frequency range. First, a simple numerical method
for the computation of the filter parameters is described. A
synthesis example is given to illustrate the techniques for the
wideband filter case. We then show how Lange couplers can
be effectively employed in the design of recursive and
transversal filters. We present analytical, computer-simulated
and experimental results for two passive band-pass filters

which are implemented on a Duroid substrate (£,=2,43 ; h=500

um) in the 3-5 GHz frequency range. Good agreement is
obtained between the theoretical and the measured S-
parameters for the filters.

INTRODUCTION

Recent realization of recursive and transversal filters
have shown that a given signal flowgraph may be translated
into any number of physical designs [1][2][3]. Until now,
such filters generally have been designed using a distributed
circuit approach [4] employing active devices to compensate
for losses and to improve the overall frequency response. As
compared with these recently published papers, our
methodology is oriented toward the filter parameters, with no
deviation from the strict interpretations of low frequency
principles. In the first part of this work, we describe, a novel
simple matrix-based method for calculating the filter
coefficients, to accurately fit an arbitrary transfer function. The
method is applied to a wideband filter.The next part of our
paper describes a new general circuit topology, which we
analytically demonstrate to be capable of providing an arbitrary
transversal or recursive filter response. We demonstrate the
concept by mean of the design of two filters, one transversal
and the other recursive. Measured S-parameters of these
circuits show excellent agreement with theoretical analysis.

THEORY

The designed response of such filters is achieved by
combining signal components of each branch, with different

amplitudes (ay, bp) and frequency-dependent phase delays (7).

CH3141-9/92/0000-0925$01.00 © 1992 IEEE

Recursive and transversal filters are governed by the following
time-domain equation
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where x(t)[y(t)] is the input[output] of the system.

In the frequency domain, the corresponding equation
becomes :
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We set fy=1/1 ; and then H(f) is periodic with period
f;. Consequently, H(f) can be put into the form :

oo
H(f) =H(£) * X §(f-if,)
=00
We call Hy(f) the pattern of the transfer function
H(f); f;, is equivalent to the width of H(f) pattern.

NUMERICAL SYNTHESIS METHOD

Our method, derived from that presented by healy [3]
for the transversal filter case, applies to the general recursive
filter from as well. We write the transfer function H(f) at M
uniformly spaced frequency points in the interval [0.f5], so

that :
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With W=e @M D (1) gives :
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The unknown parameters of the system are {a; } and
{bp}. We set I=N+P-+1, the number of unknown coefficients

so that I>M. With n varying from 0 to M-1, the above
equation leads to the following over-determined matrix
system.

where  H(n) =[H(0),H(1),....H(M-1)]"
—)
A=[ao,al,...,aN,bl,...,bp]T

¢0(n) is a N x I matrix

From the least-squares error method, we have to
solve the following matrix-system.

where 4)(n)T ¢(n) is a square matrix Ix I
T
¢(n)" . H(n) is a column mamrix I x 1
-

A is the vector of unknown coefficients

A synthesis example, using our methodology for a
wideband filter of order (N=3 ; P=2) is given in figure 1. This
example successfully illustrates that the target frequency
response can be reached for a relatively low order filter and for

arbitrary transfer function shape.
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- Figure 1 -
POWER DIVIDERS

Recursive and transversal filters can turn to
advantage of using Lange couplers. Indeed, couplers provides

great flexibility in matching input and output ports, and more
generally, flexibility in the filter design. This approach enables
filter branches to be easily associated and then to be designed
separately from one to another. Moreover, the transposition of
low frequency principles to microwaves domain is possible,
especially for stability concepts. In keeping with this
approach, we now discuss more precisely about Lange
couplers, and about two filters, one transversal, and the other
recursive, employing topologies based upon the use of such
couplers.

TRANSVERSAL APPROACH

Transversal filter model derives from general filter
model by setting :
bp =0;p>0

Physical analysis approach using Lange couplers

In this paragraph, we consider a first order
transversal filter governed by the following time-domain
equation :

y() = ay x(t) + a; x(1-7)

Corresponding transfer function is then given by :

Sy =ag+a; g A

We consider the ideal coupler, with isolated port 4
loaded by a 50Q impedance and where : 1 is the input port ; 2
is the direct output port ; 3 is the coupled output port. The S-
matrix of the 3-ports device is ;
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New topology using 3-ports components is
presented in figure 2 where Q, and Q, are characterized by

their S-matrix (S and (S,).
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Considering that :
o= (3 dB Lange couplers)

Q, is a1y length of 502 transmission line

, is al, length of 50 transmission line

with 1,-1;=Ay, A wavelength corresponding to fo
it can be shown that S1; = S5, = 0.



And 2ty

Sy1(0) =] eAjnfe (agtaje

where ™™ i5 a term introduced by the couplers
ag=ay =1/2 are the coefficients of the filter

T= 1/,

Experimental approach

Our transversal realization is presented in figure 3.
The circuit has been implemented on a 500 pm-thick Duroid

substrate (€,=2,43).

T

- Figure 3 -

The filter is designed to work in the 3-5 GHz range,
implying the pattern of H(f) to be 2 GHz wide. Excellent
agreement is obtained between computer-simulated results and
measured S-parameters as shown in figure 4.
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RECURSIVE APPROACH

Basic recursive filter model derives from general
filter model by setting :
a3, =0;k>0
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Physical analysis approach using Lange couplers

In this paragraph, we focus on a first order recursive
filter governed by the following time-domain equation :

y(0) = a5 x(t) - by y(-1)

Corresponding transfer function is then given by :
)
Sy(f) = ———

-2jnt
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Recursive topology using 3-ports devices is
presented in figure 5.

- Figure 5 -

We set that :
Q, is al; length of 50€2 transmission line

Q, is al, length of 50Q ransmission line

With 20+1,+1, = 1, the circuit S-parameters are :
$11=52=0

.2jm(2eu,) a,

Sylf)=-e —_—
1+b, g A

_e-zjm(zew,)

where is introduced by the couplers and the

50€2 line Q;
ag = {32 is the coefficient of the transversal part of the
filter
-o? is the coefficient of the recursive part of the
filter

b, =

Experimental approach

The circuit is presented in figure 6. Couplers were
designed to obtain :

1Sy hax / 1991y =191 E /1S5, (£-y/2)t = 10

We find that 02=9/11 and p’=1-0?=2/11. Coupling
value K=20 log4(P) is then set to -7.4 dB.



- Figure 6 -

We note that couplers employed are "unfolded
version" of classical Lange couplers. Indeed, in 1972, Waugh
and Lacombe [5] demonstrated that the performance is the
same as that of Lange couplers, thus providing flexibility in
geometrical layout.

Excellent agreement is shown in figure 8 between
computer-simulated results and measured S-parameters.
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CONCLUSION

The main purpose of this paper is to analyse the
methodology of using Lange couplers in recursive and
transversal filters designs, in keeping with the strict
interpretations of low frequency principles. The design
approach has been outlined for both transversal and recursive
type circuits. By using Lange couplers with various coupling
values, and then calculating the corresponding filter
parameters, we have readily compared theoretical results with
computer-simulated ones. Experimental filter examples,
comprising one of each kind, further illustrates the validity of
our approach.
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